DNA recombinase activity of eukaryotic DNA topoisomerase I; effects of camptothecin and other inhibitors.
DNA oligonucleotides containing a strong topoisomerase I cleavage site were used to study the DNA cleavage and strand transferase activities of calf thymus topoisomerase I (top1) in the absence and presence of camptothecin. A partially single-stranded oligonucleotide with only two nucleotides on the 3' side of the cleavage site (positions +1 and +2) was cleaved at the same position as the corresponding duplex oligonucleotide. However, cleavage in the absence of camptothecin was more pronounced than in the duplex oligonucleotide and was only partially reversible in the presence of 0.5 M NaCl, consistent with release of the dinucleotide 3' to the top1 break. Another reaction took place generating a larger DNA fragment which resulted from religation (strand transfer) of the 5'-hydroxyl terminus of the non-scissile DNA strand to the 3' end of the top1-linked oligonucleotide after loss of the +1 and +2 nucleotides. Top1 religation activity appeared efficient since only the last 5' base of the single-stranded DNA acceptor was complementary to the 3' tail of the donor DNA. Religation was not detectable with a double-stranded DNA acceptor, which is consistent with the persistence of top1-induced DNA double-strand breaks in camptothecin-treated cells. Camptothecin and other top1 inhibitors enhanced cleavage in both the partially single-stranded and the duplex oligonucleotides, indicating that they did not inhibit the induction of top1-mediated DNA cleavage but primarily blocked the religation step of the enzyme catalytic cycle. The top1 DNA strand transferase activity was reversibly inhibited by camptothecin and several derivatives, as well as saintopin. These results are discussed in terms of camptothecin-induced DNA recombinations.